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Mechanisms of Resistance to Ingested Toxins
Examples of Toxin Tolerance/Resistance
● Quantify unchanged phenolics in feces and plants using High 
Performance Liquid Chromatography (HPLC)
● Quantify expression and activity of efflux transporters and liver 
enzymes in moose 
● Assess the role of the gut microbiome in toxin tolerance
● Compare mechanisms among moose consuming and not consuming 
fir and in other herbivore species specializing on toxic plants
Future Steps in Understanding Toxin Resistance
Moose Excrete Volatile Chemicals in Feces
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Representative monoterpene profile of balsam fir (top, pink) shown with monoterpene profiles of 
moose fecal pellets collected during 2013 (green), 2014 (red), and 2015 (blue, each offset) winter 
field seasons at Isle Royale National Park, Michigan, USA. Peaks show individual compounds, with 
the height of the peak (AUC) indicating relative abundance of each identified compound. 
• Some wild vertebrate herbivores are able to ingest potentially toxic
plants.1
• Mechanisms that facilitate toxin resistance are relatively unknown in
free-ranging vertebrate herbivores.2
• We investigated mechanisms of toxin resistance using free-ranging
moose (Alces americanus) in Isle Royale National Park in Lake
Superior, Michigan. These moose consume large amounts of balsam
fir (Abies balsamea) that contains high concentrations of plant
secondary metabolites (PSM), which are toxic to most herbivores.3
• We assessed regulated absorption as one mechanism that limits
bioavailability of ingested toxins.
• We measured concentrations of unchanged monoterpenes in fecal
samples of moose and in paired samples of balsam fir using gas
chromatography.
Overview
We hypothesized that toxins in balsam fir consumed by 
moose will be detected unchanged in the moose feces 
Hypothesis
Analyzing Toxins Before and After 
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